The present paper reports differences between office blood pressure (BP) measurement (OBPM) and ambulatory blood pressure measurement (ABPM) in a large multi-centre Indian all comers' population visiting primary care physicians. ABPM and OBPM data from 27,472 subjects (aged 51 ± 14 years, males 68.2%, treated 45.5%) were analysed and compared. Patients were classified based on the following hypertension thresholds: systolic BP (SBP) ≥ 140 and/or diastolic BP (DBP) ≥90 mmHg for OBPM, and SBP ≥ 130 and/or DBP ≥ 80 mmHg for 24-h ABPM, and SBP ≥ 120 and/or DBP ≥ 70 mmHg for night-time ABPM and SBP ≥ 135 and/or DBP ≥ 85 mmHg for daytime ABPM, all together. White coat hypertension (WCH) was seen in 12.0% (n = 3304), masked hypertension (MH) in 19.3% (n = 5293) and 55.5% (n = 15,246) had sustained hypertension. Isolated night-time hypertension (INH) was diagnosed in 11.9% (n = 3256). Untreated subjects had MH relatively more often than treated subjects (23.0% vs. 14.8%, p < 0.0001; respectively). Females had higher relative risk (RR) of having WCH than males (RR 1.16 [CI 95, 1.07-1.25], p < 0.0001). Whereas, males had higher RR of MH than females (RR 1.09 [CI 95, 1.02-1.17] p < 0.01). INH subjects had lower average systolic and diastolic dipping percentages (0.7 ± 6.6/ 2.2 ± 7.9 vs. 9.0 ± 7.3/11.9 ± 8.5, p < 0.001) than those without INH. In conclusion, for diagnosis of hypertension there was a contradiction between OBPM and ABPM in approximately one-third of all patients, and a substantial number of patients had INH. Using ABPM in routine hypertension management can lead to a reduction in burden and associated costs for Indian healthcare.
Introduction
In India, cardiovascular disease (CVD) is the number one cause of mortality, causing over 2 million deaths covering more than a quarter of all deaths in 2015 [1] . The fact that the age-standardised CVD death rate in India is higher than the global average [2] indicates that measures can and must be taken to stop the rising CVD burden in the future. High blood pressure (BP) is the leading CVD risk factor globally with 13% attributable deaths [3] and is causing a major increase in loss of disability-adjusted life years [4] . Improving the hypertension control rate should therefore undoubtedly lead to a reduction in CVD morbidity and mortality. Certainly, when considering that an estimated one-third of all adults are having hypertension in low-and middle-income countries [5] , optimal treatment of hypertension starts with diagnosing the disease properly. Presently, diagnosis of hypertension in India is generally based on BP measurement in the clinic using a mercury sphygmomanometer, a method that can be liable to errors and misinterpretation [6] . Ambulatory BP measurement (ABPM) has proven to be a stronger predictor of all causes and cardiovascular mortality than office BP measurement (OBPM) [7] . Out-of-office BP monitoring offers specific advantages over OBPM, such as the possibility to obtain many measurements in a non-clinical setting. This has proven to reduce the white coat effect that may lead to a reduction of unnecessary treatment and thus save costs for healthcare when ambulatory [8] or self BP measurement is performed [9] . For this reason, the National Institute for Health and Care Excellence (NICE) in the UK has recommended the use of ABPM for standard clinical practice and, recently, also the JNC [10] and ESC [11] followed. In case of a high OBPM value, the patient should receive ABPM (or self-measurement of BP at home) before antihypertensive treatment is started [12] . Although ABPM has become a standard procedure for hypertension management in developed countries, it is not yet the case for low-and middle-income countries (LMIC). A recent survey among 260 physicians in India revealed that most physicians (72%) perform ABPM in <5% patients [13] . However, as 24-h ABPM can address major issues, such as reliably diagnosing night-time hypertension, masked hypertension (MH) and white coat hypertension (WCH), its use may lead to improved diagnosis of hypertension and reduced healthcare costs for the long-term. Therefore, the present study is aimed at investigating the prevalence of WCH, and MH and some other relevant parameters of ABPM for hypertension management in a large Indian all comers' population visiting primary care physicians.
Methods

Study design and participants
A total of 32,808 patients attending 574 primary care clinics for routine management of hypertension spread throughout the whole of India participated in the present study. All patients were included between January 2017 and November 2018. OBPM was performed as usual in clinical practice without further instructions to the treating physician. Patients were referred for ABPM because their physician considered this necessary. As ABPM service was not available in the hospitals, it was made available by the sponsor Eris Lifesciences Ltd. (Ahmedabad, India) who had no further interference than providing the service. Healthcare workers visited the patient at home to connect the 24-h ABPM device to the patient and picked up the device the following day. Subsequently, The ABPM report was emailed to the treating physician. ABPM was performed according to standard instructions using validated 24-h ABPM devices (Meditech, Meditech Ltd Hungary [14] or WatchBP O3, Microlife, corporation Taiwan [15, 16] ). Measurement interval times were set at 20-min intervals for 24-h. Daytime and night-time averages were based on patient's diaries. Patient characteristics, medication intake and specific cardiovascular risk factors were registered. All subjects had their OBPM and ABPM within a period of 1 week and because physicians awaited the ABPM results, medication intake was unchanged during that period. The present study entails a post-hoc analysis with data obtained from patients visiting the hospital for routine clinical management of hypertension. Data were analysed in an anonymised way after authorisation was granted by the institutional ethics committee of the Medical Research centre (Batra Hospital, Delhi, India) from where the project was coordinated.
Blood pressure categories
For the present study, patients were classified into a BP category based on their OBPM and ABPM values using threshold values as recommended by the European Society of Hypertension guidelines [11, 17] . BP categorisation was based on the following threshold values for OBPM and ABPM: elevated (hypertension) OBPM (SBP ≥ 140 mm Hg and/or DBP ≥ 90 mm Hg), elevated 24-h ABPM (24-h SBP ≥ 130 and/or DBP ≥ 80 mmHg), elevated daytime ABPM (daytime SBP ≥ 135 and/or DBP ≥85 mmHg) and elevated night-time ABPM as SBP ≥ 120 and/or DBP ≥ 70 mmHg).
Subjects were categorised based on OBPM and ABPM in four categories: (1) sustained normotension (SNT) normal OBPM + normal 24-h + normal daytime + night-time BP; (2) sustained hypertension (SHT): elevated OBPM + elevated 24-h or elevated daytime or elevated night-time BP; (3) White-coat hypertension (WCH): elevated OBPM + normal 24-h + normal daytime + normal nighttime BP; and (4) masked hypertension (MH): normal OBPM + elevated 24-h or elevated daytime or elevated night-time BP. Isolated night-time hypertension (INH) was defined as elevated night-time ABPM and normal daytime ABPM. Isolated daytime hypertension as normal night-time ABPM and elevated daytime ABPM.
Patient data
Information about the subject's age, gender, height, body weight and family history for cardiovascular diseases were collected. Also personal clinical history for cardiovascular diseases (ischaemic heart disease, myocardial infarction, heart failure, stroke, peripheral artery disease or kidney disease), presence and treatment of arterial hypertension, diabetes mellitus and dyslipidaemia were recorded. Patients were included if OBPM was performed and ABPM contained 70% or more successful readings with averages for both day and night ABPM available.
Statistical analysis
Data analysis was performed by grouping the patients according to one of the four BP categories (SNT, SHT, WCH, MH). Given the observational nature of the study, no sample size estimation was done. All subjects included for analysis provided valid data and thus no methodology for replacing missing data was implemented. Main demographic and clinical data of the two subgroups were summarised by calculating the mean (±SD) in case of continuous variables, and the absolute (n) and relative (%) frequency in case of categorical variables. Differences across groups were evaluated by multi-analysis of variance (MANOVA) by entering in the analysis BP classification (SNT, SHT, WCH, MH) as independent and the parameters as represented in Table 1 as dependent variables. For isolated day and night-time hypertension the same method was used. In case of categorical variables, differences across groups were evaluated by Chi-square test. Paired t-tests were used to compare OBPM and ABPM values in the same participant for the full sample and within subgroups. To analyse BP values related to age, patients were divided in six age groups of equal numbers (ranks). Binary logistic regression analysis was used to determine the relative risk of gender to either masked or white coat hypertension. Results were presented in p-values. A p-value of <0.01 was considered significant. Data analysis was performed using IBM SPSS Statistics version 26 for Windows.
Results
A total of 27,472 (84%) of the 32,808 subjects completed 24-h ABPM with enough successful readings (>70%) and were included for the analysis. Reasons for exclusion were because there was no OBPM value available (n = 235; 0.9%) or patients had <70% successful ABPM readings (n = 5101; 18.6%). Patients with <70% successful ABPM readings were relatively more often female (37% vs 32%), more often obese (25% vs. 22%) were less often taking medication (42% vs. 46%), had higher night-time SBP (126 vs. 124 mmHg) but lower night-time DBP (71 vs. 72 mmHg) [all p < 0.001]. Of the excluded patients, 3340 (65% of the excluded) had >50% but <70% successful ABPM readings (Supplement 1).
Included patients were aged 51 ± 14 years, 68.2% male and approximately half of them received antihypertensive treatment (n = 12,495, 45.5%). OBPM values were significantly higher than daytime ABPM, 24-h ABPM and nighttime ABPM, respectively, both for SBP and DBP (Fig. 1) . Based on OBPM and 24-h, daytime and night-time ABPM, patients were classified as follows: 3629 normotensives (13.2%), 15,246 sustained hypertensives (55.5%), 3304 white coat hypertensives (12.0%) and 5293 masked hypertensives (19.3%). This means that there was a contradiction between 24-h ABPM and OBPM in 8597 (31.3%) subjects.
Blood pressure classification based on ABPM and OBPM
Anthropometric and clinical data of the participants grouped by BP classification are presented in Table 1 . Subjects with SHT were older than sustained normotensives (51.8 ± 14.2 vs. 48.4 ± 14.7) more often used anti-hypertensive treatment (53.5% vs. 27.7%) and more often had diabetes (8.4% vs. 4.6%). Patients with WCH showed the highest heart rate during OBPM (83.9 ± 12.5 BPM) of all groups and the highest white coat effect based on 24-h ABPM of all groups: 31.7 ± 13.9 mmHg for SBP and 19.6 ± 9.8 mmHg for DBP. All differences were significant at p < 0.0001.
Twenty-four hour blood pressure pattern in treated and untreated patients Figure 2 shows BP classification prevalences between treated and untreated patients. Patients without antihypertensive treatment had MH relatively more often than treated subjects (23.0% vs. 14.8%, p < 0.0001; respectively), but there was no difference in WCH prevalence (12.2% vs.11.8%, p = 0.34).
In 5266 subjects (35.2%) of the untreated population, there was a contradiction in outcome between OBPM and the combination of 24-h daytime and night-time ABPM. For the treated population this contradiction was seen in 3331 subjects (26.7%), p < 0.0001.
Blood pressure and gender
For OBPM females (47.6% treated) had an average higher SBP (144.3 ± 19.5 vs. 143.5 ± 18.0 mmHg, p < 0.0001) but lower DBP (85.2 ± 12.4 vs. 87.0 ± 12.0 p < 0.0001) thus a higher pulse pressure (59.1 ± 16.0 vs. 56.5 ± 14.8, p < 0.0001) than males (44.5% treated), but for 24-h ABPM they had similar SBP (131.6 ± 17.0 vs. 131.7 ± 15.4; p = 0.85) and lower DBP (76.0 ± 10.7 vs. 79.1 ± 10.5; p < 0.0001). Females had a higher white coat effect (OBPM24h ABPM) than males for SBP (12.7 ± 17.3 vs. 11.8 ± 16.8, p < 0.0001) and DBP (9.2 ± 11.7 vs. 7.9 ± 11.3, p < 0.0001). This resulted in a higher relative risk (RR) of having WCH for females as compared to males (RR 1. Blood pressure pattern related to age and gender Figure 3a shows that in the first age rank (age 12 to 36 years) males had a higher office SBP and DBP (140.7 ± 15.9/88.4 ± 11.8 vs. 138.8 ± 18.1/87.3 ± 13.3; p < 0.001) and mean daytime and 24 h ambulatory SBP than females (128.1 ± 12.0 and 132.5 ± 12.3 vs. 125.8 ± 16.1 and 129.2 ± 16.1, respectively; p < 0.001), and a similar night-time ambulatory SBP (119.3 ± 13.5 and 118.9 ± 17.6; p = 0.51) without significant differences for DBP (Fig. 3b) . For the highest age group (66 to 98 years), males had lower SBP but higher DBP than males for all ABPM values (for 24-h 136.7 ± 16.6/72.6 ± 9.5 vs.138.4 ± 17.5/70.5 ± 9.5; for The separate groups are based on office and ambulatory blood pressure measurement values. Data are shown as mean ± SD or absolute (n) and relative (%, in brackets) frequency. Differences across the four classification groups were all significant (p < 0.0001)
WCH indicates white coat hypertension, MH masked hypertension, BMI body mass index, OSBP office systolic blood pressure, SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, bpm beats per minute, WCE white coat effect (OBPM-24h ABPM Figure 3b shows a clear difference in diastolic ambulatory pattern between the sexes. For males, DBP increases from young age to reach its peak at the age between 37 and 44 years. Males show a "tableau" at which DBP is stable from the age of 37 to 50 years of age, women show a continuous decrease in DBP from the age of~35 years. After the age of 65 years, males show a steeper decrease in DBP than females but keep a higher average DBP at all age groups. Women show a steeper increase in SBP and a steeper decrease in DBP than men resulting into higher pulse pressure for OBPM and ABPM from the age of 35 years as compared to men (Fig. 3c) . Table 2 shows the number of patients with INH. In total there were 3256 subjects (11.9%) who had INH (daytime < 135/85 mmHg; night-time ≥ 120/70 mmHg). There was no difference in prevalence between the treated and untreated population (11.7% vs. 11.9%; p = 0.60). Women had relatively more often INH than men (14.5% vs. 10.6%, p < 0.0001). However, men showed isolated daytime hypertension more often than women (11.6% vs. 6.7%, p < 0.0001).
Isolated night-time hypertension based on 24-h BP measurement
Patients with INH had similar night-time (123.7 ± 8.9/ 70.4 ± 6.5 vs. 124.4 ± 18.9/ 72.3 ± 11.5) but lower daytime ABPM SBP and DBP values (136.6 ± 16.2/82.3 ±11.3 vs.124.76.8 /72.2±6.0 mmHg, p < 0.001), thus a low dipping percentage (0.7 ± 6.6% vs. 9.0 ± 7.3%, p < 0.001) and were on average older (54.4 ± 15.2 vs. 50.3 ± 14.3 years, p < 0.001) than those without INH.
Discussion
To the best of our knowledge, this is the first large population study demonstrating the importance of 24-ABPM for hypertension management in general healthcare in India. Considering that 24-h ABPM is superior to OBPM for diagnosing hypertension, the present study showed that from the 27,472 patients, 8597 patients (31.3%) would have been wrongly diagnosed if only (conventional) OBPM was considered as common in current Indian primary care practice. For patients without treatment, this misclassification percentage was higher than in those who were treated (35.2% vs. 26.7%; p < 0.0001). The high number of patients with MH (n = 3439 (23.0%)) in the untreated group is concerning, as these patients would not receive antihypertensive treatment if only OBPM were performed, whereas their cardiovascular risk is similar to the patients with hypertension [18] . In addition, there were 3256 subjects (11.9%) who had INH and its prevalence among 
Strength and limitations of the study
The strength of the present study lies in the large number of subjects and the fact that there was an equal distribution of treated and untreated patients receiving both OBPM and ABPM in a short-time frame. However, this study should also be seen within the context of its limitations; there were more males than females participating in the present study (68% vs 32%). This higher male prevalence may have had some influence on the outcome due to significant differences related to gender such as, e.g., the higher prevalence of INH and a higher systolic white coat effect in women as was found in the present study. In addition, treating physicians were not instructed how to perform OBPM but they performed the procedure according to routine practice. This means that there probably were differences in OBPM performance regarding the device (brand) that was used, technique (oscillometric, aneroid or mercury) and number of measurements. On the other hand, this represents general clinical practice and how clinic BP measurement is performed in India and it may possibly reveal the limitations of this standard procedure. The prevalence of WCH and MH of the present study is based on a single OBPM visit, which could lead to erroneous diagnosis in real practice in case of different outcome as compared to ABPM. However, possibly some physicians, who normally do not use ABPM, base their diagnosis and/or treatment on more than one OBPM per visit and/or on more than one clinical visit. This most likely gives a better estimation of the patient's BP and would lead to a lower rate of erroneous diagnosis. Taking the average BP from multiple clinical visits is more in line The separate groups are based on daytime and night-time ambulatory blood pressure (BP) measurement values. Data are shown as mean ± SD or absolute (n) and relative (%, in brackets) frequency. Differences across the four groups were all significant (p < 0.0001) with hypertension management guidelines, but obviously these seem to have a low adherence rate in clinical practice in India [19] . The subjects analysed in the present study were selected by their treating physicians to undergo ABPM, which may have caused a selection bias. For example, ABPM may have been requested because the obtained OBPM values were close to threshold values or not what the physician expected. The fact that <20% of the treated patients had normal 24-h and daytime and night-time values, which was <30% in the untreated population, suggests possible selection bias. For the current study, we included patients with >70% successful readings as recommended in the guidelines [20] . However, this inclusion criterium might have contributed to a selection bias. Excluded patients were more often female, untreated, obese and had higher night-time BP. The latter indicates that the subjects might have experienced the procedure as more inconvenient during sleep or it disturbed their sleep because higher cuff inflation pressure was needed for BP measurement. A higher rate of obesity also suggests more cuff inflation pressure was needed for measurement due to higher arm-circumferences, which causes more inconvenience. Finally, the high number of patients with insufficient readings suggests that the patient instruction procedure could have been better.
Office blood pressure measurement (OBPM)
The prevalence of white coat and masked hypertension together of 31% is similar to another large ABPM data registry that contains ABPM and OBPM data of >14,000 adult patients around the globe [21] . Although that study showed a higher prevalence of white coat (23% vs. 12%) and a lower prevalence of masked hypertensives (10% vs. 19%, respectively) as compared to the present study. However, this difference in prevalence may not be directly related to the study population, but to the method of calculating the WCH and MH prevalences. In the present study, it was chosen to consider daytime, 24-h, and night-time average BPs all together, which leads to a lower prevalence of WCH and a higher prevalence of MH than when considering only the 24-h ABPM average alone as was used in the ABPM data registry [22] . Considering only 24-h ABPM average for the present study would have led to more comparable prevalences for WCH and MH of 20% and 13%, respectively. However, using the average of 24-h ABPM also causes a risk to miss elevated nocturnal blood pressure, which is the most important cardiovascular risk predictor [23] . The average BP obtained from less frequent night-time measurements could be diluted by the (normal) average BP obtained from the higher number of daytime measurements, leading to a normal 24-h average BP [22] . Nevertheless, the prevalence of MH in the present study is relatively high as compared to other studies, which may be additionally explained by other factors such as the higher male prevalence and the fact that treated patients showed a higher prevalence of MH than untreated patients, which is in contradiction with earlier findings [18] . The latter may be a consequence of the potential patient selection bias as previously mentioned. In addition, digit preference (Supplement 2) and the way OBPM is usually performed in Indian clinics may have contributed to the high MH prevalence (Supplement 3).
Differences between sexes regarding physician visits
The present data show a male to female ratio of 2:1. As the data are obtained from clinical practice, this suggests that females are less likely to visit a doctor and those who visit a doctor are on average 2 years older than males. Although the present study showed that females were relatively more often sustained normotensive (14.8% vs. 12.5%) and less often sustained hypertensive than males (53.8% vs. 56.3%), it is unlikely that the lower cardiovascular risk (cardiovascular events in India) justifies these large differences. Although women have lower BP at younger age, this rapidly changes after menopause. Considering the fact that women have a higher life expectancy than men in India [24] one would expect more females in need for hypertension treatment at older age. Therefore, the underrepresentation of females in GP and hospital visits most likely is a cultural problem [25] in need for an urgent change.
Isolated night-time hypertension
The definition of WCH and MH is often based on OBPM and (awake) daytime ABPM [26] although 24-h ABPM is also common [27] . The present study clearly supports the use of combining all ABPM average of 24-h, daytime and night-time, and showed that it is often not enough to look at the daytime ABPM alone as~12% of all patients had INH, and this prevalence increases with age. Of those with INH who were untreated,~72% had normal 24-h ABPM values. These patients generally were recognised by the absence of BP decrease during night as compared to daytime BP. Studies have shown that also normotensive subjects with a non-dipper BP profile have increased left ventricular mass and relative wall thickness, reduced myocardial diastolic function, increased urinary albumin excretion, increased prevalence of diabetic retinopathy, and impaired glucose tolerance [28] . This indicates that treatment based on the average of 24-h ABPM alone may not be enough. Especially, when considering that elevated night-time BP is a better predictor than daytime BP in predicting fatal cardiovascular events [29] and is related to high cardiovascular risk, independently of either clinic or daytime ABPM [30] .
For this group, hypertension may also remain undiagnosed by self-BP measurement at home unless a self-measurement device with the possibility to measure BP at night would be used [31] . However, if patients are already diagnosed with hypertension and receive anti-hypertensive treatment, nighttime BP provides important information for optimising antihypertensive treatment. For instance, these patients might benefit from taking their drugs in the evening or having medication at both day and night-time.
Clinical characteristics
Some studies found typical patient characteristics linked to either WCH (e.g., more likely to be female [32] , high BMI [33] ) or MH, e.g., smokers [18] . Results from the present study showed that females had a higher risk of INH and a higher systolic white coat effect than males, whereas males more often had MH. In addition, patients with WCH were more likely to have a higher heart rate during OBPM.
Masked hypertension
In 2011, NICE in the UK implemented the use of ABPM in their guidelines "Hypertension in adults: diagnosis and management" [12] . The recommendation applies to cases where OBPM is 140/90 mmHg or higher as this could help to filter out cases of WCH and, therefore, reduce healthcare costs because of reduction in unnecessary treatment [8] . Unfortunately, this recommendation does not cover cases of MH. However, in contradiction to what is often believed it cannot be assumed that OBPM is lower than ABPM [34] so that patients with normal OBPM may benefit from additional ABPM. Standard ABPM performance in all subjects might seem costly and a logistically inconvenient procedure. However, as patients with MH have similar risks as those with hypertension [35] , their treatment may lead to an overall reduction of cardiovascular events and thus in reduced burden for healthcare.
ABPM for clinical healthcare
The present study also reveals that over 80% of treated patients have uncontrolled hypertension based on ABPM (Supplement 4), and thus emphasises the importance of proper BP measurement after hypertension has been diagnosed. The fact that 31% of the OBPM results in the present study differ from ABPM for diagnosing hypertension, together with the overwhelming evidence of ABPM's superiority over OBPM as a cardiovascular risk predictor, pleads for the use of ABPM in standard hypertension management [36] . This statement is supported in the latest guidelines from both the European [11] and American [10] cardiovascular authorities.
The use of ABPM in hypertension management has proven its value in India not only for adults but also showed to be beneficial for use among children. In a paediatric clinic in India [37] , ABPM was performed in children with incidental high OBPM, chronic kidney disease, renal transplant, solitary kidney, renal transplant or post-op for co-arction of the aorta. This resulted in the finding of WCH and MH in 27% and 21% of cases, respectively. In addition, ABPM resulted in change of management in 26% of cases, which supports the use of ABPM in paediatric care.
Conclusion
The present study demonstrated convincing evidence regarding the usefulness of ABPM for standard hypertension management in India. Using ABPM may prevent misdiagnosis in approximately one-third of all treated and untreated subjects. This could reduce unnecessary treatment because of WCH and lead to improved treatment for those with MH and/or INH.
Summary
What is known about this topic
•
There is often discrepancy between office blood pressure measurement and ambulatory blood pressure measurement; white coat hypertension (WCH) and masked hypertension (MH).
• Ambulatory blood pressure measurement is superior to office blood pressure measurement and therefore recommended for hypertension management.
• Night-time blood pressure measurement is an important cardiovascular risk predictor.
What this study adds
• This is the first largescale study performed comparing OBPM and ABPM in the whole of India. Certain parameters can be specific for certain populations but also the hypertension management method can be country specific.
• WCH was seen in 12% of the population and 19% had MH. Females had higher risks of WCH and men were at higher risk of having MH.
• Isolated night-time hypertension was diagnosed in 12% of the study subjects and provide an extra reason to perform ABPM in Indian healthcare in order to improve overall hypertension management.
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